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ABSTRACT 
Is Rainbow Trout Condition Influenced By 
Invertebrate-Drift Density? 
by 
Randall B. Filbert, Master of Science 
Utah State University 
:t-'3.jor Professor: Dr. Charles P. Hawkins 
�partment: Fisheries and Wildlife 
Users of the Instream Flow Incremental Methodology 
CTFIM) commonly assume that there is a positive linear 
viii 
r9lationship between available habitat (WUA) and stream 
fish biomass. However, several studies have shown a lack 
cf correlation between WUA and biomass. Such poor 
r9lationships may occur if other factors limit fish 
cnundance. Food availability is a potentially important 
flctor limiting abundance of stream fishes and can affect 
blomass by influencing fish condition (individual weight). 
I collected rainbow trout (Oncorhynchus mykiss) exposed to 
dlfferent levels of invertebrate-drift density to 
mtermine if condition was greater where food was more 
aJundant. I also examined whether size-selective 
predation and gut fullness varied with drift density. 
Size-selective predation was not related to drift 
d�nsity. However, condition and gut fullness were both 
slgnificantly_ correlated with drift density. Furthermore, 
ix 
cha1ges in drift density appeared to have a stronger 
inf:Uence on small-trout condition than large-trout 
concition. The results of this study and others support 
the contention that the reliability of the IFIM might be 




The Instream Flow Incremental Methodology (IFIM) 
S talnaker 1979; Bovee 1981) is a commonly used method for 
µ-edicting the effect of changes in stream flow on 
cVailable fish habitat (Conder and Annear 1987). The 
ro del uses measurements of current velocity, depth, and 
rubstrate size to estimate the amount of usable habitat 
~ eighted usable area) at a particular flow (Bovee 1981). 
Users of the IFIM commonly assume that there is a 
:r,ositive linear relationship between fish standing stock 
end weighted usable area (WUA) (Bovee 1981). However, 
this assumption was not validated by the developers of the 
nodel (Mathur et al . 1985). Furthermore, several studies 
rave shown that fish abundance is not always positively 
c:>rrelated with WUA (Orth and Maughan 1982; Conder and 
A1near 1987; Irvine et al. 1987), implying that factors 
o: her than current velocity, depth, and substrate limit 
f i sh distribution. 
One factor that may limit fish abundance is food 
a,ailability. Food availability can affect biomass by 
i1fluencing fish density or condition (individual weight). 
I c the density and average length of fish belonging to a 
p1rticular species are similar in two sections of a 
s:ream, biomass for that species will be correlated with 
c,ndition. 
2 
The IFIM is used primarily to make predictions about 
salmonids in coldwater streams (Orth and Maughan 1982). 
Although research has linked salmonid distribution to food 
abundance (Slaney and Northcote 1974; Hawkins et al. 1983; 
Fausch 1984; Wilzbach 1985; Baker 1989), few studies have 
documented direct relationships between prey density and 
salmonid growth or condition in streams (but see Murphy et 
al. 1981; Cada et al. 1987). 
Salmonids in streams feed primarily on invertebrate 
drift (Elliott 1970, 1973; Jenkins et al. 1970; Metz 1974; 
Allan 1981; McNicol et al. 1985). Systems with steep 
spatial gradients in drift density provide opportunities 
to test whether condition is related to prey density. 
Impounded rivers are examples of this type of system 
(Pearson 1967; Ward 1974; Armitage 1978; White and Wade 
1980) . 
If food is limited, the intensity of size-selective 
predation may be correlated with drift density. Optimal 
foraging theory predicts that predators should select a 
narrower range of prey types as the density of preferred 
prey increases (MacArthur and Pianka 1966; Schoener 1971). 
Salmonids that feed more selectively should derive more 
energy per prey capture. Although increased selectivity 
in response to increased prey density has been documented 
for fishes in lakes (Hall et al. 1979; Bartell 1982; 
Rajasilta and Vuorinen 1983) and in the laboratory (Werner 
3 
and Hall 1974; Ringler 1979), no studies have shown 
whether salmonids in streams are more selective where prey 
density is greater. 
The objectives of this study were to (1) estimate 
differences in invertebrate drift density at two locations 
below the Flaming Gorge Dam, Utah, (2) determine if size-
selective predation by rainbow trout (Oncorhynchus mykiss) 
was more intense where drift density was greater, (3) 
determine if the volume of prey in trout stomachs was 
positively correlated with drift density, and (4) 
determine if trout condition was higher where drift 
density was greater. 
4 
METHODS 
This study was conducted in the first 12.5 km of the 
Green River below Flaming Gorge Dam in northeastern Utah. 
The tailwater has a mean elevation of 1,672 m and an 
average gradient of 1.6 m/km. Daily flows range from 22.7 
to 119.2 m3/ s with the highest flows usually occurring in 
winter. 
Sampling design 
I esti mated drift, trout diet, and trout condition at 
two locations in the tailwater. Site I included the first 
2.2 km of r i ver beginning at the base of the dam, and site 
II extended from 10.5 to 12.1 km below the dam (kbd). 
Because dri : t and trout feeding vary seasonally, I 
collected data during all four seasons: 23-31 October 
1987, 30 January to 7 February 1988, 7-15 May 1988, and 
18-20 July :988. 
Because drift and trout feeding also vary with time 
of day, samples were collected according to the following 
schedule. :n 1988, drift and trout were collected 45 
minutes after sunlight was first visible, at midday 
(1330), 30 ninutes after the evening sky reached complete 
darkness, and late at night (0130). However, because of 
improper tining of stable flows (see below), samples from 
fall 1987 were collected at the following approximate 
tines: one hour before sunrise, late morning (1100), late 
afternoon (1700), and nighttime (2230). 
Riffles within each site were selected for drift 
sanpling, and trout were collected in the pools 
innediately downstream from the riffles. Because fish 
collection probably suspended the feeding of trout 
renaining in a pool, I used more than one riffle-pool 
sequence within each site. Four riffle-pool sequences 
were sampled in site II (10.5, 11.2, 11.8, and 12.O kbd), 
but only two sequences were accessible in site I (0.3 and 
2.0 kbd). In site II each riffle-pool sequence was 
sampled once per collection day. However, at site I, I 
alternated so that no single pool was sampled 
consecutively (each pool was sampled twice daily). 
5 
To minimize intersite differences in drift due to 
discharge, I sampled both sites during a single season at 
equal flow. Flow was held constant 24 hours prior to, and 
throughout, each sampling period. Flows were calculated 
as the weighted mean of the average daily and nightly 
flows predicted for that time of year. Actual flows 
provided by the United States Bureau of Reclamation 
(USBOR} are shown in Appendix A. 
Drift collection 
Each drift collection consisted of three samples 
taken consecutively along a partial transect of the river 
at depths of 1.0 m, 0.75 m, and 0.5 m. Invertebrates were 
6 
collected with cone-shaped drift nets that were secured to 
steel rods driven into the substrate. The nets were 92.5 
cm long with an aperture area of .093 m2 and a mesh size 
of 450 µm. Because drifting algae were abundant in the 
Green River, clogging of the nets was a potential problem. 
A large mesh size (450 µm) helped maintain water flow 
through the nets. The center of the nets was set at 60% 
of the depth of the water column. I selected this depth 
because it approximately corresponds to the location of 
average current velocity (Platts et al. 1983). To help 
avoid clogging of the nets, the duration of the samples 
was held to 10 minutes. current velocity was monitored 
with a mechanical flowmeter (General Oceanics model 20307) 
mounted in the center of the net aperture by cords 
attached to the net frame. Date and time of day were 
recorded for each sample. All samples were preserved in 
70% ethanol for later analysis. 
Rainbow trout collection 
Trout collection began five minutes after drift 
sampling started and continued until 20 fish were 
captured. On some occasions I was unable to obtain 20 
fish but captured as many as possible (~15-17). To ensure 
that intersite differences in trout feeding were not due 
to differences in fish size, I attempted to obtain similar 
fish-size distributions at both sites. 
I captured rainbow trout downstream from the drift 
sampling sites by electrofishing with a jet boat. 
:mmediately after capture, trout were subjected to a 
_ethal dose of tricaine methanesulfonate. The location, 
date, approximate time of capture, total length (mm), and 
weight (g) were recorded for each fish before the gut was 
removed and stored in 70% ethanol. 
Data analysis 
7 
Drift samples were cleaned and enumerated in the 
laboratory. I identified aquatic invertebrates to genus 
(except Oligochaeta and Chironomidae) based on keys from 
Pennak (1953), McAlpine et al. (1981), and Merritt and 
Cummins (1984). Terrestrial invertebrates were identified 
to family with keys from Bland and Jaques (1978). 
Invertebrates were measured and assigned to 1-mm size 
categories. Size-frequency distributions were constructed 
for each combination of season and site. One distribution 
was made using the mean values from all samples collected 
at a particular combination of season and site (3 samples 
x 4 daily collection periods= 12 samples). A separate 
distribution was based only on samples collected during 
tlhe day (N = 6). 
The "standard stomach," which extends from the 
amterior of the esophagus to the pyloric sphincter 
(~imball and Helm 1971), was removed from each rainbow 
t~out and cleaned in the laboratory. Invertebrates were 
8 
icentified in the same manner as the drift. All intact 
irvertebrates from the guts were measured and assigned to 
1-mm size categories. The total length of fragmented 
irvertebrates was derived by comparing the thorax of each 
ircomplete individual to that of an intact specimen of the 
same taxon. Prey size-frequency distributions were 
calculated separately for each fish. The volume (ml) of 
irvertebrates in rainbow trout stomachs was measured with 
a graduated vial. 
I estimated drift density for each sample with the 
fcrmula: 
sample drift density _ numbers per net-hour -m 3 filtered per net-hour x 100 
as described by Allan and Russek (1985). Two sets of 
drift density values were calculated for each combination 
of season and site. One set was based on all 12 samples 
collected during that season at that site. Another set 
was based only on drift samples collected during the day. 
I calculated selectivity values (g;) for each trout 








where .12; and ~i are the proportion of a prey size category 
(e.g., 0-1 mm) in the environment and the diet, 
9 
respectively (Manly 1974; Chesson 1978, 1983). Values of 
gi range between zero and one with 1/n (n = the number of 
prey types) representing neutral selection (random 
feeding). The greater the deviation of gi from random 
feeding, the greater the intensity of selection. Because 
this index is insensitive to changes in prey relative 
abundance, it is useful for making among sample 
comparisons (Lechowicz 1982; Confer and Moore 1987). 
Two sets of 1-rnrn size classes were used for this 
analysis (daytime=< 2.0 mm to> 8.0 mm, overall=< 2.0 
mm to> 9.0 mm). These ranges were constructed to meet 
the requirement that no prey size class (2i) equaled zero. 
I calculated mean values of g; for each combination of 
season and site with all trout captured during that season 
at that site. I used a sum of squared differences 
equation to calculate the departure of gi values from 
random feeding (1/n): 
n 
t = L (g; - 1/n) 2 
i=l 
Greater values oft reflect greater selection intensity. 
I then determined if selection intensity varied with 
drift density by regressing t against drift density. Each 
data point in the linear regression corresponds to a 
unique combination of season and site (4 seasons X 2 
sites). I performed two linear regressions: one with all 
drift and selectivity data (daytime and nighttime 
combined) and the other with only data collected during 
the day (collection periods one and two). 
I also regressed trout-stomach volume against drift 
density. I calculated standard volume as: 
standard volume = volume (ml) invertebrates in stomach fish length (m) 
10 
Each data point equals a unique combination of season and 
site. For t his analysis I also conducted two separate 
regressions: one for overall drift density and gut 
fullness anj another for data collected only during the 
Relative condition (Anderson and Gutreuter 1983) was 
calculated :ts: 
Kn = 
where His Eish weight (g), 1 is fish total length (mm), 
and log(~) is they-intercept and Q is the slope of the 
log(weight)-log(length) relationship of all rainbow trout 
captured foL this study. Because Kn compensates for 
ontogenetic increases in weight:length ratio, observed 
differences in condition should be due primarily to 
environment:tl influences (Anderson and Gutreuter 1983). 
Researc1 conducted simultaneously with this study 
(Modde et a l . 1991) indicated trout (rainbow trout, 
11 
cutthroat trout [Oncorhynchus clarki], and brook trout 
[Salvelinus fontinalis]) were more abundant at site I than 
site II. Because trout abundance might have influenced 
condition, it was necessary to compare Kn to both drift 
density and trout density. Although drift and condition 
data were collected during all four seasons, trout 
abundance data were only available for fall and spring. 
Therefore, I assumed that relative differences in trout 
density were constant across season and used analysis of 
covariance (ANCOVA) to determine if Kn was related to site 
(i.e., trout density). Drift density was the covariate in 
this analysis. 
Recent research (Cone 1989) has indicated that least-
squares regression parameters may summarize weight-length 
relationships more accurately than Kn. Therefore, I 
calculated the slope and log(y-intercept) of the trout 
weight-length relationship (log 10 ) for each combination of 




Total drift density (macrobenthos + zooplankton) was 
higher at site I than at site II during all seasons 
(Figure 1). The greatest difference between sites 
occurred in spring. Up to 99% of total drift consisted of 
zooplankton (Cladocera and Copepoda). In contrast, drift 
density of macrobenthos was greater at site II than at 
site I (Figure 1). Again, the greatest intersite 
difference occurred in spring. 
The maximum density of drifting macrobenthos (1,851/ 
100 m3 ) in the Green River was well within the range 
observed in other regulated rivers (Table 1). 
Contrastingly, drift density in the Green River was high 
compared to most unregulated systems (Table 1). 
The structure and composition of the drifting 
assemblage also differed between sites. Taxa richness was 
greater at site II than site I (Table 2). There was also 
a shift in relative abundance. Chironomidae was the most 
abundant taxon at site I, whereas Baetis was dominant at 
site II. At both sites terrestrial invertebrates were 
unimportant (< 1% calculated as percent of macrobenthos). 
As expected, rainbow trout appeared to feed primarily 
during the day. Stomach volume was usually highest during 
the afternoon or at sunset and lowest late at night or at 
dawn (Figure 2). Therefore, separate analyses of trout 
13 
feeding and condition for overall and daytime data sets 
were warranted. 
The composition of rainbow trout diets also differed 
between sites (Table 2). These differences mirrored 
variability in drift composition. Chironomidae was the 
dominant taxon in trout stomachs at site I, whereas Baetis 
was the main taxon at site II. Trout from both sites 
consumed few terrestrial invertebrates (< 1% of stomach 
contents by number). Although zooplankton were abundant 
in the drift, rainbow trout rarely consumed them (present 
in only 1.5% of stomachs). As a consequence, I used only 
drift density of macrobenthos for subsequent analyses. 
The small number of fish that contained zooplankton were 
omitted from analyses. 
Some taxa were present in trout stomachs in 
disproportionately high numbers. At site I, Gammarus and 
Hesperophylax were found more frequently in stomachs than 
the drift. The same was true of Ephemerella at site II. 
The basis for this selection was apparently related to the 
large size of these taxa. Trout consistently selected 
larger prey from the drift. Values of g for the largest 
size categories (> 8.0 mm) varied between 0.01 and 0.88 
with a mean of 0.39, whereas g for the smallest size class 
(< 2.0 mm) varied between o and 0.37 with a mean of 0.06. 
The mean value of 1/n (random feeding) was 0.12. Although 
trout selected large prey, the intensity of selection was 
14 
not related to drift density for either the overall or 
daytime data (~ 2 < 0.01, NS and ~ 2 = 0.05, NS, 
respectively) . 
. Trout stomach volume increased with drift density. 
For the overall data a linear model produced a slightly 
better fit (~ 2 = 0.71, £ < .01) than an exponential model 
(~ 2 = 0.68, £ < .05). However, for the daytime data 
stomach volume appeared to increase as an exponential 
function of drift density (~ 2 = 0.57, £ < .05 and ~ 2 = 
0.65, E < .05 for linear and exponential, respectively). 
Analysis of covariance showed that Kn was not 
associated with site (i.e., trout density) (K = 0.51, NS) 
but was strongly associated with drift density (K = 8.13, 
E < .05). Overall and daytime drift density explained 57 
percent (£ < .05) and 70 percent (£ < .01, y = 0.925 + 
0.000149X) of variation in Kn, respectively (Figure 3). 
Finally, there was a weak relationship between Kn and 
standard volume (~ 2 = 0.30, E < .17). 
They-intercept (log(g]) values calculated from 
log(weight)-log(length) relationships also increased with 
drift density (~ 2 = 0.90, E < .001, y = -5.416 + 
0.000924X) (Figure 3). However, there was a negative 
relationship between slope (Q) and drift density (~ 2 = 
0.89, E < .001, y = 3.170 - 0.000337X) (Figure 3). 
The relationships between the log(y-intercept) and 
slope and drift density suggested that drift had a greater 
15 
influence on small-trout condition than large-trout 
condition. Multiple regression showed that condition was 
a function of drift density and an interaction between 
trout length and drift density (~ 2 = 0.25, E < .001, y = 
1.003 + 0.047~ 1 - 0.025~ 2 [~,=drift density, ~ 2 = drift 
density* trout length]) (Figure 4). The interaction 
between drift density and trout length confirms that 
changes in drift density have a greater effect on the 
condition of small trout. Trout length alone did not 
explain variability in Kn. 
Implications of food 
limitation for the IFIM 
DISCUSSION 
16 
An implicit assumption of the IFIM is that food 
abundance does not significantly affect fish biomass. 
However, evidence is accumulating that stream trout are 
often food limited. Prey abundance can affect trout 
biomass by influencing either fish density or growth. 
Both Wilzbach (1985) and Baker (1989) found that food 
availability was more important than cover in determining 
the local abundance of adult cutthroat trout. Murphy et 
al. (1981) showed that production of young-of-the-year 
cutthroat trout was related to drift abundance. In this 
study, rainbow trout condition was correlated with drift 
density suggesting that food availability may also 
influence trout biomass by affecting growth. 
Many studies have shown that fish biomass is often 
poorly correlated with WUA (EPRI 1986). For example, 
Conder and Annear (1987) found no positive correlation 
between WUA and measured biomass among 16 Wyoming streams. 
In some cases there was even a negative relationship 
between WUA and biomass. Orth and Maughan (1982) reported 
no significant correlation between WUA and standing stock 
of smallmouth bass in an Oklahoma stream. Irvine et al. 
(1987) also found no relationship between rainbow trout 
biomass and WUA in a New Zealand stream. They concluded 
17 
that the stream was food limited and stated that 
"relationships between usable area, fish food organisms, 
and fish biomass must be understood before one can predict 
flow change impacts." The results of this study support 
that conclusion. 
Drift of macrobenthos 
The increase in drift density of macrobenthos with 
increasing distance from the dam was unexpected. Most 
research has shown that benthic densities are highest near 
impoundments (Pearson 1967; Ward 1974; White and Wade 
1980; Parker and Voshell 1983} and natural lakes (e.g., 
Wotton 1979) and decrease with distance downstream. The 
contradictory pattern observed in the Green River may be 
related to riffle abundance. There was more riffle 
habitat in site II than site I (personal observation}. 
Invertebrate density on riffles is typically higher than 
in other stream habitats (Cummins 1964; Egglishaw 1969; 
Hynes 1970). 
Importance of rainbow 
trout feeding 
Food availability can affect trout condition only by 
influencing trout feeding. Variability in rainbow trout 
condition should be due to differences in the amount of 
prey consumed. As expected, rainbow trout stomach volume 
was strongly correlated with drift density. Optimal 
foraging theory predicts that predators should select a 
18 
narrower range of prey types as the density of preferred 
prey increases (MacArthur and Pianka 1966, Schoener 1971). 
This phenomenon has been documented for fishes in lakes 
and the laboratory (Werner and Hall 1974; Ringler 1979; 
Bartell 1982). In contrast to these studies, the 
intensity of selection in the Green River did not appear 
to be related to prey density. The reasons for this are 
unclear. 
From a theoretical standpoint, lack of correlation 
between selection intensity and drift density suggests 
that food was not limiting at low drift densities. 
However, the positive relationships between Kn and trout 
gut fullness and drift density contradict this. 
Selection intensity may have been related to the 
patchiness of drift. Trout have been shown to 
periodically leave areas of high prey abundance to 
''sample" areas of low prey abundance (Ringler 1979). If 
patchiness of drift was greater where drift density was 
higher, trout may have sampled areas of low drift density 
resulting in decreased selection intensity (i.e., 
increased diet breadth). 
It is possible that drifting invertebrates did not 
completely represent the size distribution of prey 
available to trout. If trout fed partially on large 
epibenthic prey (see Tippets and Moyle 1978), our 
estimates of Q; would have been biased. It may therefore 
be important to measure both drift and benthos in future 
studies. 
Kn and least-squares 
parameters 
19 
Analysis of the relationship between least-squares 
parameters (log(g) and Q) and drift density suggested that 
Kn accurately described overall rainbow trout condition. 
However, analysis of log(g) and Q revealed that drift had 
a greater influence on smaller trout. This size-dependent 
relationship makes sense considering that most of the 
drift was small and that large trout may feed primarily on 
larger drifting and epibenthic prey. 
Improvement of the IFIM 
Reliability of the IFIM might be improved if 
relationships exist between stream-fish biomass and prey 
density for different levels of WUA. Some studies have 
examined how drift varies with flow (e.g., Minshall and 
Winger 1968; Brooker and Hemsworth 1978; White and Wade 
1980; Irvine 1985), but no general quantitative 
relationships have emerged. Future research should focus 
on quantifying spatial differences in drift, determining 
whether flow changes cause predictable variation in drift 
density, and determining the conditions under which stream 
fishes are food limited. 
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Table 1.-Maximum drift densities (#/100 m3 ) from some 

















Eckblad et al. (1984) 
Brooker and Hemsworth (1978) 
Perry and Perry {1986) 
Armitage (1977) 
Perry and Perry (1986) 
LaPerriere (1983) 
Cowell and Carew {1976) 
Stoneburner and Smock {1979) 
Zimmer (1976) 
Armitage (1977) 
Minshall and Winger {1968) 
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Table 2.-Average relative abundance(%) of major 
macrobenthic taxa (> 0.1%), and total number of taxa in 
the drift and stomachs of rainbow trout at sites I and II. 
Drift Stomach 
Taxon I II I II 
Chironomidae 1 59.4 26.0 54.7 23.8 
Baetis 1 20.6 61.3 18.5 43.6 
Simulium 1 11.2 5.8 7.7 6.8 
Gammarus 2 4.7 2.3 15.2 9.5 
Hydro12tila 1 3.5 1.3 1.7 1.8 
E12hemerella 1 0 2.8 0.7 14.3 
01 igochaeta 3 0.5 0.3 0.2 0.1 
Total taxa 10.0 17.0 13.0 14.0 
1 Insecta, 2 Crustacea, 3 Annelida 
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Figure 1.-Differences in total drift density (top) and 
drift density of macrobenthos (bottom) by site and season. 
Open bars denote site I and shaded bars denote site II. 
The value for each bar is the average of 12 drift samples 
(except summer, site II= 11). Zooplankton in summer 


































FALL WINTER SPRING SUMMER 
~igure 2.-Daily changes in the standard volume of 
ma:robenthos in rainbow trout stomachs at site I (top) and 
si:e II (bottom). Bars for each season correspond to 
co lection times (from left to right: dawn, afternoon, 
su1set, and night). Sample size for each bar varied 
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Figure 3.-Relationships between relative condition (Kn) 
(top), log(y-intercept) (middle), and slope (bottom) and 
daytime drift density. Each data point is the average 
from all drift samples (H = 6 (except summer, site II= 
5]) and all rainbow trout collected at that combination of 













Figure 4.-Response surface of condition (Kn) against 
drift density and trout length (N = 468). The response 
surface was estimated with a distance weighted least-
squares algorithm (Wilkinson 1990). Drift density and 
length data were standardized so that each had a mean of o 





Actual flows provided by USBOR 
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Table 3.-Requested and actual flows for the 1987-1988 
drift and trout-stomach collections. Actual flows were 
calculated from records obtained at the Flaming Gorge Dam. 
A flow change is an increase and decrease in flow during a 
collection period. 
Actual flow (m3 /s) 
Requested Weighted Flow 
Date flow (m3 /s) mean Range Changes 
23-24 Oct 51.1 54.4 54.1-66.2 1 
30-31 Oct 51.1 53.0 51.8-58.8 1 
30-31 Jan 59.6 67.1 62.7-75.4 1 
06-07 Feb 59.6 67.1 62.7-75.4 1 
07-08 May 45.4 43.7 25.1-76.5 3 
14-15 May 45.4 41.0 26.9-49.5 1 
18-19 Jul 45.4 47.8 47.0-72.3 1 
19-20 Jul 45.4 47.8 47.0-72.3 1 
Appendix B 
Drift density of stream 
benthos by site and season 
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Table 4.-Daytime drift density (#/100 m3 ) of stream 
benthos at sites I and II during all seasons. 
40 
Fall Winter S:gring Summer 
I II I II I II I II 
642 288 17 109 64 220 537 713 
784 338 38 115 75 267 669 914 
865 426 57 440 165 379 673 10 7 0 
147 563 20 203 65 711 478 1362 
267 617 51 316 142 910 982 1475 
470 936 76 447 163 1950 1210 
41 
Table 5.-Nighttime drift density (#/100 m3 ) of stream 
benthos at sites I and II during all seasons. 
Fall Winter s2ring Summer 
I II I II I II I II 
76 692 16 302 41 2883 524 1865 
156 1200 45 395 46 4015 831 2439 
160 2435 63 429 60 4319 1253 4381 
315 223 38 222 67 1331 950 1784 
404 249 51 429 103 1981 1655 2021 
487 297 99 978 103 1994 1876 2340 
Appendix c 
Invertebrate-drift composition 
by site and season 
42 
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Table 6.-Relative abundance(%) of invertebrate taxa in 
the drift at site I. Each value is the average from all 

































































Table 7.-Relative abundance (%) of invertebrate taxa in 
the drift at site II. Each value is the average from all 
samples taken during a season (* < 0. 1%) . 
Taxon Fall Winter s2ring Summer 
Aquatic 
Oligochaeta 0.6 0.4 * * 
Gastropoda 
Lymnaea sp. * * 
Physa sp. 0.1 
Amphipoda 
Gammarus sp. 2.5 2.7 0.6 3.6 
Ephemeroptera 
l3aeti§. spp. 56.3 65.5 67.1 56.5 
E2hemerella sp. 0.9 2.6 1.9 5.4 
Plecoptera 
Hes2ero2erla sp. * 
Trichoptera 
Hydro2syche sp. 0.1 
Hydro2tila sp. 0.4 1.6 * 3.3 
Rhyaco2hila spp. * 
Coleoptera 
O2tioservus sp. * 0.1 * 0.3 
Diptera 
Chironomidae 32.5 13.7 28.5 28.8 
Limno2hora sp. * 
Neo2lasta sp. 0.3 
Pericoma sp. 0.2 * 
Simulium spp. 6.6 13.2 1. 5 1.4 



















in rainbow trout stomachs 
by site and season 
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Table 8.-Relative abundance (%) of invertebrate taxa in 
rainbow trout stomachs at site I. Each value is the 












































































Table 9.-Relative abundance (%) of invertebrate taxa in 
rainbow trout stomachs at site II. Each value is the 

































































Overall alpha values 
for rainbow trout 
48 
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Table 10.-Alpha values for all rainbow trout captured at 
site I during fall, 1987. Column headings are size 
classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 >9 
0.00 0.01 0.01 0.00 0.03 0.21 0.23 0. 36 0.15 
0.00 0.02 0.05 0.11 0.07 0.29 0.00 0.23 0.23 
0.28 0.15 0.05 0.17 0.16 0.00 0.00 0.00 0.19 
0.00 0.20 0.45 0.35 0.00 0.00 o.oo 0.00 0.00 
0.00 0.43 0.14 0.15 0.28 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
0.00 0.01 0.01 0.01 0.07 0.12 0.21 0.41 0.16 
0.00 0.01 0.00 0.01 0.02 0.11 0.08 0.52 0.25 
0.00 0.01 0.01 0.03 0.07 0.08 0.16 0.49 0.15 
0.00 0.02 0.04 0.07 0.19 0.30 0.19 0.00 0.19 
0.74 0.10 0.01 0.02 0.08 0.00 0.00 0.00 0.05 
0.10 0.03 0.03 0.06 0.00 0.04 0.20 0.27 0.27 
0.20 0.05 0.06 0.03 0.06 0.13 0.40 0.00 0.07 
0.00 0.01 0.02 0.05 0.04 0.10 0.15 0.29 0.34 
0.52 0.10 0.02 0.04 0.08 0.06 0.00 0.18 0.00 
0.40 0.12 0.03 0.07 0.10 0.08 0.12 0.00 0.08 
0.03 0.03 0.01 0.04 0.06 0.00 0.17 0.44 0.22 
0.71 0.06 0.01 0.05 0.05 0.12 0.00 0.00 0.00 
0.00 0.04 0.07 0.10 0.24 0.00 0.00 0.41 0.14 
0.17 0.01 0.02 0.01 0.05 0.17 0.17 0.34 0.06 
0.08 0.03 0.01 0.01 0.00 0.11 0.34 0.34 0.08 
0.00 0.00 0.00 o.oo 0.01 0.09 0.28 0.47 0.15 
0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.02 o.oo 0.00 0.00 0.00 0.73 0.25 
0.39 0.00 0.11 0.24 0.00 0.00 0.00 0.00 0.26 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 1.00 
0.22 0.08 0.12 0.20 0.28 0.00 o.oo 0.00 0.10 
0.00 o.oo 1.00 o.oo 0.00 0.00 0.00 0.00 0.00 
0.19 0.28 0.11 0.12 0.00 0.00 0.00 0.00 0.30 
0.00 o.oo 0.07 o.oo 0.00 0.00 0.00 0.00 0.93 
0.00 0.08 0.02 o.oo 0.00 0.00 0.00 0.90 0.00 
0.00 0.17 0.09 0.15 0.27 0.00 0.00 o.oo 0.32 
0.26 0.08 0.09 0.11 0.44 0.00 0.00 0.00 0.02 
0.59 0.14 0.08 0.06 0.00 0.00 o.oo 0.00 0.13 
0.60 o.oo 0.00 0.00 o.oo 0.00 0.00 0.00 0.40 
0.76 0.04 0.05 0.08 0.07 0.00 0.00 0.00 0.00 
0.00 0.00 0.02 0.00 0.00 0.00 0.15 0.62 0.21 
0.00 0.44 0.19 0.00 0.37 0.00 0.00 0.00 0.00 
0.39 0.16 0.01 0.18 0.06 0.13 0.00 0.00 0.07 
0.00 0.00 0.00 0.01 0.01 0.03 0.21 0.51 0.23 
0.00 0.00 o.oo o.oo o.oo 0.14 0.86 0.00 0.00 
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Table 10.-Continued. 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 >9 
0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 1.00 
0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.93 
0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 
0.00 0.00 o.oo 0.01 0.06 0.07 0.10 0.61 0.15 
0.00 0.00 0.31 0.00 0.00 0.00 0.00 0.00 0.69 
0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.95 
0.00 0.00 0.07 0.00 0.43 0.00 0.00 0.00 0.50 
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
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Table 11.-Alpha values for all rainbow trout captured at 
site II during fall, 1987. Column headings are size 
classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.05 0.10 0.22 0.00 0.63 0.00 0.00 0.00 
0.00 0.01 0.14 0.25 0.06 0.18 0.36 0.00 0.00 
0.00 0.01 0.06 0.18 0.11 0.21 0.43 0.00 0.00 
0.00 0.00 0.04 0.15 0.13 0.58 0.10 0.00 0.00 
0.05 0.02 0.06 0.06 0.00 0.16 0.65 0.00 0.00 
0.00 0.00 0.03 0.05 0.11 0.61 0.20 0.00 0.00 
0.02 0.01 0.05 0.07 0.10 0.28 0.23 0.12 0.12 
0.00 0.00 0.02 0.06 0.09 0.14 0.55 0.00 0.14 
0.00 0.01 0.05 0.07 0.17 0.10 0.20 0.00 0.40 
0.00 0.02 0.04 0.19 0.10 0.36 0.29 0.00 0.00 
0.00 0.00 0.03 0.00 0.00 0.00 0.97 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
0.00 0.00 0.07 0.04 0.05 0.34 0.20 0.20 0.10 
0.00 0.02 0.06 0.06 0.04 0.69 0.13 0.00 0.00 
0.00 0.04 0.09 0.06 0.07 0.11 0.42 0.00 0.21 
0.00 0.04 0.04 0.08 0.12 o.oo 0.72 0.00 0.00 
0.00 o.oo 0.01 0.01 0.04 0.00 0.00 0.39 0.55 
0.00 0.01 0.02 o.oo 0.07 0.25 0.33 0.16 0.16 
0.00 0.00 0.01 0.01 0.08 0.04 0.44 0.08 0.34 
0.00 0.00 0.02 0.02 0.09 0.42 0.18 0.09 0.18 
0.00 0.00 0.02 0.00 0.05 0.00 0.15 0.15 0.63 
0.00 0.00 0.00 0.01 0.02 0.14 0.18 0.28 0.37 
0.25 0.04 0.02 0.02 0.06 0.17 0.26 0.09 0.09 
0.00 0.00 0.01 0.01 0.06 0.13 0.07 0.20 0.52 
0.38 0.07 0.02 0.02 0.01 0.04 0.00 0.00 0.46 
0.00 o.oo 0.01 0.04 0.20 0.15 0.00 0.00 0.60 
0.00 0.02 0.03 0.03 0.14 0.09 0.34 0.00 0.35 
0.10 0.05 0.03 0.04 0.06 0.00 0.00 0.00 0.72 
0.14 0.02 0.01 0.00 0.06 0.00 0.19 0.39 0.19 
0.00 0.00 0.01 0.00 o.oo 0.00 0.00 0.00 0.99 
0.00 0.12 0.01 0.00 0.00 0.00 0.00 0.00 0.87 
0.00 o.oo o.oo 0.00 0.03 0.07 0.15 0.00 0.75 
0.08 0.01 0.05 0.09 0.10 0.29 0.00 0.19 0.19 
o.oo o.oo 0.00 0.05 0.11 0.17 0.17 0.00 0.50 
o.oo 0.02 0.01 0.01 o.oo 0.00 0.00 o.oo 0.96 
0.11 o.oo 0.02 0.13 0.00 o.oo 0.00 0.00 0.74 
0.35 0.01 o.oo 0.02 0.03 0.05 0.27 0.00 0.27 
0.48 0.03 o.oo o.oo 0.00 o.oo 0.00 0.00 0.49 
0.83 0.04 0.01 0.01 0.01 0.00 0.00 o.oo 0.10 
0.39 0.07 0.00 0.00 0.03 0.00 0.00 0.17 0.34 
0.19 0.12 0.01 0.01 0.00 0.00 0.45 0.00 0.22 
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Table 11.-Continued. 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 >9 
0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 1.00 
0.00 0.00 0.00 0.00 0.04 0.11 0.00 0.21 0.64 
0.79 0.10 0.00 0.01 0.02 0.02 0.00 0.00 0.06 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.32 0.06 0.02 0.03 0.00 0.57 0.00 0.00 0.00 
0.00 0.00 0.00 0.02 0.05 0.06 0.24 0.04 0.59 
0.00 o.oo 0.02 0.00 0.00 0.14 0.28 0.00 0.56 
0.31 0.07 0.01 0.01 0.04 0.06 0.00 0.12 0.38 
0.39 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.46 
0.00 0.00 0.01 0.05 0.12 o.oo 0.12 0.00 0.70 
0.04 0.01 0.01 0.00 0.00 0.00 0.00 0. 31 0.63 
0.00 0.00 0.01 0.01 0.02 0.05 0.20 0.41 0.30 
0.02 0.02 0.05 0.05 0.13 0.08 0.16 0.33 0.16 
0.00 0.01 0.02 0.03 0.04 0.13 0.00 0.00 0.77 
0.00 0.07 0.02 o.oo 0.00 0.00 0.00 0.00 0.91 
0.00 0.00 0.02 0.19 0.00 0.00 0.00 0.00 0.79 
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Table 12.-Alpha values for all rainbow trout captured at 
site I during winter, 1988. Column headings are size 
classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.06 0.19 0.15 0.09 0.08 0.00 0.00 0 . 43 
0.00 0.01 0.01 0.01 0.01 o.oo 0.02 0.00 0.94 
0.00 0.27 o.oo 0.27 0 . 10 0.36 0.00 0.00 0 . 00 
0.00 o.oo 0.00 0.00 0.00 o.oo 0.00 0.00 1.00 
0.00 0.12 0.14 0.05 0.03 0.02 0.06 0.08 0.50 
0.00 0.27 0.12 0.18 0.06 0.23 0.14 0.00 0.00 
0.00 0.00 0.00 o.oo 0.00 0.00 0.05 0.00 0.95 
0.00 0.00 0.00 0.02 0.00 0.00 0.06 0.00 0.92 
0.00 o.oo o.oo 0.02 0.00 0.00 0.00 0.00 0.98 
0.00 o.oo 0.03 0.01 0.03 0.00 0.00 0.00 0.93 
0.00 o.oo 0.00 0.00 0.05 0.00 0.00 0.00 0.95 
0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.06 0.03 0.00 0.00 0.00 0.18 0.73 
0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.11 0.85 
0.00 0.02 0.02 0.02 0.01 0.01 0.03 0.00 0.89 
0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.95 
0.03 0.02 0.03 0.01 0.00 0.00 0.00 0.14 0.77 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.94 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.22 0.77 
0.00 0.00 0.05 0.01 0.03 0.05 0.03 0.00 0.83 
0.00 0.64 0.18 0.09 0.06 0.00 0.03 0.00 0.00 
0.00 0.26 0 . 34 0.10 0.08 0.14 0.08 0.00 0.00 
0.10 0.03 0.03 0.05 0.03 0.12 0.05 0.00 0.59 
0.40 0.23 0.07 0.02 0.01 0.04 0.00 0.00 0.23 
0.00 0.00 0.02 0.00 0.04 0.04 0.00 0.18 0.72 
0.39 0.18 0.16 0.15 0.04 0.08 0.00 0.00 0.00 
0.00 0.07 0.21 0.09 0.03 0.14 0.00 0.00 0.46 
0.06 0.03 0.03 0.03 0.01 0.01 0.03 0.11 0.69 
0.05 0.00 0.03 0.02 0.04 0.02 0.00 0.00 0.84 
o.oo 0.02 0.02 0.01 0.00 o.oo o.oo 0.00 0.95 
0.05 0.01 o.oo 0.00 0.01 0.00 0.01 0.05 0.87 
0.00 0.00 0.01 0.01 0.01 0.02 0.01 0.00 0.94 
0.00 0.07 0.06 0.04 0.02 0.00 0.02 0.00 0.79 
0.00 0.10 0.03 0.00 0.18 0.06 0.00 0.00 0.63 
0.00 o.oo 0.28 0.21 0.46 0.05 0.00 0.00 0.00 
0.00 0.34 0.22 0.12 0.17 0.15 0.00 0.00 0.00 
0.00 0.00 0.01 0.02 0.00 0.02 0.03 0.07 0.85 
o.oo 0.01 0.02 0.01 0.00 0.02 0.00 0.11 0.83 
0.00 0.00 0.01 0.00 o.oo 0.00 0.01 0.00 0.98 
o.oo o.oo 0.01 0.00 o.oo 0.03 0.04 0.08 0.84 
0.00 0.05 0.09 0.07 0.03 0.01 o.oo 0.06 0.69 
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Table 12.-Continued. 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.00 0.02 0.01 0.01 0.05 0.12 0.16 0.63 
o.oo o.oo o.oo 0.00 0.00 0.00 0.00 0.14 0.86 
0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.05 0.95 
a.do 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.11 0.32 0.57 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.97 
0.00 0.00 0.04 o.oo 0.00 0.00 0.00 0.00 0.96 
0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.99 
0.00 o.oo 0.00 0.01 0.00 0.00 0.04 0.00 0.95 
0.00 o.oo 0.02 0.04 0.00 0.00 0.00 0.00 0.94 
0.00 0.01 0.01 0.03 0.05 0.00 o.oo 0.90 0.00 
0.00 0.00 0.02 o.oo 0.03 0.00 0.00 0.00 0.95 
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Table 13.-Alpha values for all rainbow trout captured at 
site II during winter, 1988. Column headings are size 
classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.17 0.79 
0.59 0.11 0.04 0.01 0.00 0.00 0.00 0.08 0.17 
0.44 0.07 0.03 0.02 0.01 0.01 0.00 0.00 0.42 
0.00 0.00 0.00 0.00 0.01 0.07 0.11 0.00 0.80 
0.33 0.07 0.05 0.01 0.00 0.02 0.00 0.00 0.52 
0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.17 0.81 
0.00 0.00 0.20 0.00 0.00 0.80 0.00 0.00 0.00 
0.25 0.02 0.02 0.03 0.01 0.02 0.02 0.08 0.55 
0.10 0.00 0.02 0.01 0.01 0.03 0.06 0.05 0.72 
0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.08 0.91 
0.00 0.00 0.00 0.00 0.02 0.02 0.03 0.16 0.77 
0.00 0.03 0.07 0.09 0.14 0.09 0.08 0.00 0.48 
0.00 0.00 0.00 0.01 0.01 0.01 0.05 0.09 0.83 
0.00 0.01 0.01 0.02 0.02 0.06 0.05 0.29 0.54 
0.00 0.00 0.02 0.02 0.04 0.09 0.12 0.39 0.34 
0.00 0.00 0.00 0.05 0.09 0.00 0.10 0.38 0.38 
0.00 0.10 0.17 0.22 0.09 0.11 0.31 0.00 o.oo 
0.00 0.14 0.29 0.23 0.20 0.04 0.10 0.00 0.00 
o.oo 0.01 0.00 o.oo 0.00 0.00 0.04 0.00 0.95 
0.00 0.00 0.25 0.15 0.13 0.00 0.00 0.00 0.47 
0.00 0.17 0.32 0.26 0.10 0.15 0.00 0.00 0.00 
0.00 0.09 0.19 0.21 0.18 0.00 0.00 0.00 0.33 
0.23 0.04 0.21 0.05 0.02 0.00 0.00 0.45 0.00 
0.00 0.23 0.28 0.22 0.04 0.00 0.23 0.00 0.00 
0.52 0.08 0.32 0.08 0.00 0.00 0.00 0.00 0.00 
0.00 0.45 0.12 0.43 0.00 0.00 o.oo 0.00 0.00 
o.oo o.oo 0.09 0.23 0.18 0.26 0.24 0.00 0.00 
0.00 0.00 0.00 0.46 0.54 0.00 o.oo 0.00 0.00 
0.00 o.oo 0.07 0.15 0.10 0.13 0.18 0.00 0.37 
0.68 0.08 0.02 0.03 0.04 0.01 0.07 0.00 0.07 
0.00 0.18 0.20 0.22 0.30 0.10 0.00 0.00 0.00 
0.00 0.23 0.03 0.17 0.16 0.06 0.00 0.00 0.35 
0.00 0.01 0.01 0.01 0.01 0.03 0.08 0.08 0.77 
o.oo 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.02 0.05 0.09 0.16 0.25 0.43 0.00 0.00 
0.00 o.oo o.oo 0.00 0.00 o.oo 0.00 0.00 1.00 
0.22 0.11 0.14 0.10 0.14 0.08 0.00 0.00 0.21 
0.00 0.00 0.01 0.00 0.04 0.08 0.00 0.00 0.87 
o.oo o.oo o.oo 0.01 0.01 0.01 0.00 0.00 0.97 
0.00 0.04 0.05 0.02 0.02 0.09 0.00 0.51 0.27 
0.00 0.00 0.07 0.15 0.21 0.20 0.00 0.00 0.37 
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Table 14.-Alpha values for all rainbow trout captured 
at site I during spring, 1988. Column headings are size 
classes (mm) • 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.00 o.oo 0.00 0.00 0.24 0.28 0.32 0.16 
0.00 o.oo 0.29 0.33 0.38 0.00 0.00 0.00 0.00 
0.00 0.00 0.04 0.01 0.05 0.15 0.22 0.35 0.18 
0.00 0.12 0.14 0.12 0.10 0.08 0.13 0.21 0.10 
0.03 0.14 0.09 0.10 0.33 0.08 0.14 0.05 0.06 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.33 
0.00 0.12 0.18 0.03 0.00 0.00 0.43 0.16 0.08 
0.00 0.00 o.oo 0.04 0.00 0.07 0.24 0.46 0.19 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 
0.00 0.00 0.07 0.04 0.05 0.15 0.34 0.20 0.15 
0.00 o.oo o.oo 1.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.07 0.17 0.25 0.00 0.00 0.51 
0.00 0.00 0.10 0.11 0.21 0.21 0.11 0.13 0.13 
0.00 0.18 0.00 0.00 0.00 0.18 0.21 0.12 0.30 
0.00 0.10 0.26 0.12 0.07 0.10 0.00 0.28 0.07 
0.00 0.00 0.00 0.02 0.05 0.44 0.25 0.00 0.24 
0.00 0.18 0.09 0.05 0.12 0.06 0.21 0.23 0.04 
0.00 0.04 0.23 0.22 0.08 0.12 0.26 0.00 0.05 
0.00 0.04 0.15 0.17 0.24 0.21 0.19 0.00 0.00 
0.00 0.00 0.19 0.53 0.03 0.05 0.05 0.12 0.03 
0.00 0.00 0.13 0.24 0.17 0.07 0.00 0.26 0.13 
0.00 0.00 0.20 0.52 0.14 0.00 0.00 0.00 0.14 
0.00 0.00 0.09 0.09 0.34 0.06 0.21 0.00 0.21 
0.00 0.00 0.07 0.01 0.03 0.22 0.46 0.18 0.03 
0.00 o.oo 0.29 0.19 0.29 0.15 0.08 0.00 0.00 
0.00 o.oo 0.02 0.13 0.12 0.25 0.14 0.12 0.22 
0.00 o.oo 0.21 0.41 0.14 0.05 0.12 0.00 0.07 
0.00 0.00 0.46 0.24 0.12 0.18 0.00 0.00 0.00 
0.00 o.oo 0.42 0.16 0.00 0.00 0.11 0.12 0.19 
0.00 0.00 0.16 0.13 0.07 0.00 0.13 0.29 0.22 
0.00 0.00 0.00 0.00 0.21 0.32 0.09 0.11 0.27 
0.00 o.oo 0.02 0.04 0.09 0.28 0.43 0.09 0.05 
0.00 o.oo 0.04 0.01 0.04 0.11 0.18 0.49 0.13 
0.00 o.oo 0.09 0.02 0.06 0.26 0.39 0.12 0.06 
0.00 o.oo 0.04 0.00 0.02 0.06 0.00 o.oo 0.88 
o.oo o.oo 0.23 0.13 0.06 0.09 0.00 0.12 0.37 
0.00 o.oo 0.08 0.00 0.03 0.10 0.21 0.21 0.37 
0.00 0.00 0.02 0.09 0.03 0.65 0.00 0.12 0.09 
0.00 o.oo o.oo 0.00 0.19 0.00 0.43 0.19 0.19 
0.00 0.04 0.16 0.11 0.12 0.22 0.04 0.14 0.17 
o.oo 0.00 0.10 0.12 0.07 0.10 0.35 0.07 0.17 
o.oo 0.00 0.13 0.11 0.09 0.06 0.43 0.09 0.09 
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Table 14.-Continued. 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.00 0.02 0.00 0.00 0.00 0.04 0.50 0.44 
0.00 0.00 0.20 0.11 0.00 0.20 0.23 0.00 0.26 
0.00 0.00 0.01 0.01 0.02 0.07 0.17 0.55 0.15 
0.00 0.00 0.05 0.03 0.06 0.54 0.32 0.00 0.00 
0.00 0.03 0.24 0.21 0.23 0.14 0.04 0.09 0.02 
0.00 0.00 0.00 0.33 0.00 0.29 0.00 0.38 0.00 
0.00 0.00 0.00 0.30 0.58 0.00 0.00 0.00 0.12 
0.00 o.oo 0.09 0.01 0.07 0.14 0.20 0.26 0.23 
0.00 0.00 0.08 0.00 0.36 0.00 0.09 0.31 0.16 
0.00 0.00 o.oo 0.08 0.18 0.56 0.00 0.00 0.18 
0.00 0.00 0.08 0.20 0.26 0.00 0.09 0.21 0.16 
0.00 0.00 0.10 0.03 0.13 0.19 0.11 0.38 0.06 
0.00 0.00 o.oo 0.05 0.19 0.09 0.43 0.12 0.12 
0.00 0.00 0.24 0.03 0.19 0.10 0.00 0.25 0.19 
0.00 0.00 0.00 0.02 0.43 0.25 0.19 0.11 0.00 
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Table 15.-Alpha values for all rainbow trout captured at 
site II during spring, 1988. Column headings are size 
classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 o.oo 0.02 0.02 0.18 0.11 0.16 0.34 0.17 
0.00 0.00 0.00 0.11 0.20 0.34 0.13 0.22 0.00 
0.00 0.00 0.04 0.10 0.04 0.15 0.30 0.09 0.28 
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.55 
0.00 0.00 0.07 0.06 0.03 0.27 0.03 0.16 0.38 
0.00 0.00 0.02 0.04 0.12 0.19 0.22 0.21 0.20 
0.00 0.00 o.oo o.oo 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.00 0.24 0.35 0.32 0.09 0.00 
0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 
0.72 0.12 0.01 0.03 0.06 0.01 0.00 0.01 0.04 
0.00 0.00 0.24 0.00 0.14 0.00 0.43 0.00 0.19 
0.00 0.00 0.00 o.oo 0.08 o.oo 0.74 0.18 0.00 
0.00 0.00 o.oo 0.02 0.12 0.21 0.22 0. 35 0.08 
0.00 0.00 0.00 0.13 0.48 0.00 0.00 0.18 0.21 
0.00 0.00 0.01 0.02 0.04 0.13 0.18 0.20 0.42 
0.00 0.00 0.00 0.03 0.13 0.18 0.13 0.24 0.29 
0.00 0.00 0.04 0.13 0.08 0.00 0.13 0.51 0.11 
0.00 0.00 o.oo 0.03 0.04 0.07 0.33 0.31 0.22 
0.00 0.00 0.01 0 . 04 0.10 0.12 0.12 0.26 0.35 
0.00 0.03 0.14 0.16 0.22 0.05 0.17 0.12 0.11 
0.00 0.02 o.oo 0.02 0.09 0.15 0.39 0.33 0.00 
0.00 0.01 0.06 0.05 0.74 0.04 0.07 0.02 0.01 
0.00 0.00 o.oo 0.00 0.00 0.05 0.05 0.06 0.84 
0.00 0.00 0.00 0.09 0.81 0.10 0.00 0.00 0.00 
0.00 o.oo o.oo 0.16 0.10 0.22 0.00 0.11 0.41 
0.00 0.00 o.oo 0.02 0.12 0.12 0.17 0. 31 0.26 
0.00 0.00 0.11 0.00 0.12 0.00 0.00 0.27 0.50 
0.00 0.00 0.05 0.17 0.16 0.09 0.11 0.28 0.14 
0.00 0.00 0.06 0.13 0.20 0.20 0.28 0.04 0.09 
0.00 0.02 0.32 0.30 0.29 0.00 0.00 0.02 0.05 
0.00 o.oo o.oo 0.00 0.06 0.19 0.32 0.43 0.00 
0.00 o.oo 0.04 0.08 0.56 0.02 0.07 0.10 0.13 
0.00 0.00 0.02 0.05 0.51 0.42 0.00 0.00 0.00 
0.00 o.oo o.oo 0.00 0.12 0.05 0.37 0.13 0.33 
0.00 0.02 0.02 0.12 0.32 0.31 0.09 0.02 0.10 
0.00 0.00 o.oo 0.00 0.20 0.17 0.43 0.11 0.09 
0.00 o.oo 0.03 0.11 0.07 0.03 0.14 0.11 0.51 
0.00 0.00 0.00 0.00 0.00 0.45 0.26 0.29 0.00 
0.00 o.oo o.oo 0.01 0.09 0.21 0.03 0.14 0.52 
0.00 0.00 0.08 0.14 0.26 0.30 0.00 0.10 0.12 
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Table 15.-Continued. 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.00 o.oo 0.08 0.45 0.29 0.05 0.05 0.08 
0.00 0.00 0.02 0.03 0.06 0.18 0.10 0.17 0.44 
0.00 0.00 0.05 0.05 0.00 0.19 0.16 0.47 0.08 
o.oo 0.00 0.03 0.00 0.38 0.36 0.07 0.11 0.05 
0.00 o.oo o.oo 0.00 0.14 0.00 0.07 0.46 0.33 
0.00 0.00 0.00 0.01 0.09 0.11 0.04 0.18 0.57 
0.00 0.00 0.04 0.05 0.22 0.22 0.07 0.22 0.18 
0.00 o.oo 0.00 0.04 0.06 0.00 0.06 0.24 0.60 
0.00 o.oo o.oo 0.03 0.09 0.07 0.00 0.24 0.57 
0.00 0.00 o.oo 0.07 0.00 0.37 0.17 0.28 0.11 
0.00 0.00 0.00 0.05 0.03 0.03 0.00 0.20 0.69 
0.00 0.00 o.oo 0.08 0.41 0.26 0.00 0.11 0.14 
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Table 16.-Alpha values for all rainbow trout captured at 
site I during summer, 1988. Column headings are size 
classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.03 0.05 0.07 0.11 0.00 0.06 0.00 0.68 
0.00 0.00 0.00 0.01 0.01 0.00 0.00 o.oo 0.98 
0.00 o.oo 0.04 0.06 0.20 0.59 0.11 0.00 0.00 
0.00 0.00 0.01 0.00 0.04 0.06 0.00 0.00 0.89 
0.00 0.02 0.03 0.03 0.10 0.52 0.10 0.00 0.20 
0.00 0.09 0.09 0.14 0.28 0.06 0.00 0.00 0.34 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.67 
0.00 0.00 o.oo 0.00 0.00 0.08 0.00 0.00 0.92 
0.00 0.00 0.00 0.10 0.03 0.08 0.34 0.00 0.45 
0.00 0.17 0.16 0.22 0.45 0.00 0.00 o.oo 0.00 
o.oo 0.01 0.04 0.05 0.09 0.04 0.06 0.24 0.47 
0.00 0.06 0.05 0.06 0.27 0.14 0.00 0.00 0.42 
0.00 0.01 0.02 0.06 0.03 0.04 0.00 0.12 0.72 
0.00 o.oo 0.79 0.21 0.00 0.00 0.00 0.00 0.00 
0.00 0.07 0.51 0.31 0.11 o.oo 0.00 0.00 0.00 
0.00 0.01 0.03 0.03 0.07 0.14 0.21 0.21 0.30 
0.00 0.01 0.13 0.06 0.04 0.11 0.00 0.33 0.32 
0.00 0.12 0.07 0.06 0.00 o.oo 0.00 0.00 0.75 
0.00 0.00 0.20 0.16 0.14 0.12 0.00 0.00 0.38 
0.00 0.00 0.07 0.05 0.06 0.16 0.08 0.24 0.34 
0.00 0.00 0.00 0.05 0.07 0.09 0.52 0.00 0.27 
0.00 0.05 0.05 0.05 0.16 0.47 0.11 0.00 0.11 
0.00 o.oo o.oo 0.04 0.08 0.22 0.00 0.00 0.66 
0.00 0.01 0.02 0.01 0.00 0.34 0.12 0.25 0.25 
0.00 0.01 o.oo 0.00 0.00 0.05 0.36 0.29 0.29 
0.00 0.01 0.01 0.05 0.07 0.19 0.00 0.44 0.23 
0.00 o.oo 0.05 0.03 0.10 0.23 0.12 0.23 0.24 
0.00 0.00 0.25 0.16 0.05 0.14 0.00 0.40 0.00 
0.00 0.04 0.08 0.05 0.08 0.18 0.57 0.00 0.00 
0.00 0.00 0.00 0.00 0.01 0.06 0.13 0.43 0.37 
0.00 0.04 0.07 0.01 0.00 0.00 0.24 0.16 0.48 
0.00 o.oo 0.01 o.oo 0.00 0.04 0.08 0.05 0.82 
0.00 o.oo 0.01 0.01 0.00 0.11 0.12 0.00 0.75 
0.00 0.02 0.08 0.03 0.02 0.00 0.48 0.00 0.37 
0.03 0.04 0.05 0.06 0.16 0.36 0.18 0.00 0.12 
0.00 0.00 0.05 0.22 0.12 0.24 0.12 0.00 0.25 
0.17 0.06 0.05 0.07 0.15 0.40 0.02 0.00 0.08 
0.04 0.06 0.05 0.05 0.13 0.52 0.05 0.00 0.10 
o.oo 0.06 0.13 0.23 0.17 0.08 0.11 0.00 0.22 
0.00 o.oo o.oo 0.01 0.04 0.10 0.10 0.10 0.65 
0.00 0.02 0.13 0.05 0.10 0.09 0.20 0.41 0.00 
0.00 0.04 0.10 0.20 0.10 0.17 0.13 0.00 0.26 
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Table 16.-Continued. 
<2.l 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.05 0.08 0.08 0.22 0.00 0.00 0.00 0.57 
0.00 0.01 0.04 0.08 0.06 o.oo 0.06 0.00 0.75 
0.00 0.01 0.15 0.15 0.04 0.09 0.28 0.00 0.28 
0.00 0.06 0.06 0.08 0.19 0.48 0.01 0.00 0.12 
0.00 0.02 0.14 0.14 0.00 0.70 0.00 0.00 0.00 
0.00 0.01 0.10 0.08 0.14 0.05 0.16 0.30 0.16 
0.00 0.01 0.08 0.13 0.10 0.06 0.09 0. 35 0.18 
0.00 o.oo 0.02 0.05 0.05 0.13 0.00 0.00 0.75 
0.05 0.01 0.00 o.oo 0.17 0.11 o.oo 0.00 0.66 
0.00 0.00 0.23 0.16 0.04 o.oo 0.00 0.28 0.29 
0.00 0.07 0.12 0.18 0.22 0.16 0.00 0.00 0.25 
o.oo o.oo 0.05 0.14 0.00 0.00 0.16 0.00 0.65 
0.00 0.06 0.12 0.06 0.15 0.44 o.oo 0.00 0.17 
0.00 0.00 0.29 0.18 0.14 0.00 0.00 0.39 0.00 
0.00 0.07 0.06 0.08 0.20 0.59 0.00 0.00 0.00 
0.00 0.07 0.43 0.18 0.17 0.15 0.00 0.00 o.oo 
0.00 0.29 0.09 0.62 0.00 0.00 0.00 0.00 0.00 
0.00 0.01 0.17 0.35 0.08 0.22 0.17 0.00 0.00 
o.oo 0.18 0.14 0.19 0.49 0.00 0.00 0.00 0.00 
0.00 0.18 0.19 0.16 0.47 0.00 0.00 o.oo 0.00 
0.00 0.19 0.15 0.17 0.49 o.oo 0.00 0.00 0.00 
0.00 0.01 0.07 0.06 0.03 0.04 0.05 0.00 0.74 
0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.96 
0.00 0.02 0.03 0.04 0.16 o.oo o.oo 0.00 0.75 
0.02 0.08 0.06 0.08 0.21 0.55 0.00 0.00 0.00 
0.00 0.08 0.17 0.12 0.15 0.07 0.00 0.00 0.41 
0.00 0.01 0.01 0.04 0.00 0.05 0.08 0.16 0.65 
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Table 17.-Alpha values for all rainbow trout captured at 
site II during summer, 1988. Column headings are size 
classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.00 0.08 0.04 0.42 0.13 0.11 0.00 0.22 
0.00 0.00 0.00 o.oo 0.00 0.03 0.00 0.22 0.75 
0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.01 0.00 0.01 0.00 0.11 0.13 0.52 0.22 
0.00 0.02 o.oo 0.02 0.17 o.oo 0.00 0.00 0.79 
0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.95 
0.00 0.00 0.00 0.01 0.04 0.03 0.05 0.00 0.87 
0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.99 
0.00 0.00 0.00 0.08 0.02 0.02 0.04 0.15 0.69 
0.00 0.00 0.00 0.02 0.01 0.03 0.03 0.00 0.91 
0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.98 
0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.01 0.03 0.00 0.00 0.12 0.84 
0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.25 0.71 
0.00 0.01 0.01 0.04 0.02 0.00 0.00 0.30 0.62 
0.00 0.00 o.oo 0.04 0.00 0.00 0.00 0.00 0.96 
o.oo 0.00 0.00 0.00 0.01 0.16 0.10 0.00 0.73 
0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.99 
0.00 0.00 0.00 0.00 o.oo o.oo 0.00 0.29 0.71 
0.01 0.01 0.03 0.03 0.05 0.09 0.14 0.30 0.35 
0.00 0.05 0.03 0.01 0.00 0.10 0.11 0.00 0.70 
0.00 0.00 0.00 0.00 o.oo 0.07 0.00 0.00 0.93 
0.00 o.oo o.oo 0.00 0.00 0.09 0.14 0.24 0.53 
0.00 0.00 0.00 0.01 0.00 0.17 0.00 0.00 0.82 
0.00 o.oo 0.00 0.08 0.02 0.24 0.00 o.oo 0.66 
0.00 0.00 o.oo 0.01 0.01 0.00 0.00 0.00 0.98 
0.00 0.00 0.01 0.09 0.08 0.08 0.00 0.57 0.17 
o.oo 0.01 0.02 0.04 0.02 0.43 0.05 0.00 0.43 
0.00 0.05 0.01 0.03 0.04 0.06 0.00 0.00 0.81 
0.00 0.00 o.oo 0.07 0.12 0.00 0.35 0.00 0.46 
0.00 0.03 0.03 0.24 0.16 0.19 0.00 0.00 0.35 
0.00 0.00 0.00 0.03 0.00 0.00 0.05 0.19 0.73 
0.00 0.02 0.08 0.19 0.39 0.06 0.11 0.00 0.15 
0.00 0.03 0.04 0.09 0.07 0.29 0.04 0.17 0.27 
0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.94 
0.00 0.00 0.01 0.01 0.00 o.oo 0.07 0.27 0.64 
o.oo 0.05 0.09 0.21 0.05 o.oo 0.09 0.00 0.51 
o.oo 0.02 0.07 0.09 0.13 0.16 0.09 0.38 0.06 
0.00 0.00 0.00 0.08 0.04 0.00 0.00 0.00 0.88 
0.00 0.01 0.01 0.01 0.15 0.02 0.04 0.17 0.59 
0.00 0.01 0.01 0.01 0.10 0.34 0.14 0.29 0.10 
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Table 17.-Continued. 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 > 9 
0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.97 
0.00 0.00 0.00 0.00 0.36 0.26 0.23 0.00 0.15 
0.00 0.00 0.01 0.00 0.24 0.39 0.00 0.00 0.36 
0.00 0.00 0.00 0.00 0.09 0.15 0.00 0.22 0.54 
0.00 o.oo 0.00 0.07 0.28 0.53 0.00 0.00 0.12 
0.00 0.01 o.oo 0.04 0.13 0.30 0.00 0.12 0.40 
0.00 0.11 0.13 0.19 0.09 0.26 0.00 0.00 0.22 
0.00 0.04 0.04 0.06 0 . 04 0.00 0.00 0.62 0.20 
0.00 0.00 0.01 o.oo 0.00 0.04 0.00 0.00 0.95 
o.oo 0.00 0.00 0.04 0.05 0.11 0.55 0.00 0.25 
0.00 0.03 0.03 0.00 0.07 0.05 0.08 0.00 0.74 
0 . 00 0.14 0.11 0.16 0.19 0.00 0.00 0.23 0.17 
0.00 0.01 0.00 0.00 0.04 0.03 0.00 0.00 0.92 
0 . 03 0.03 0.16 0.13 0 . 25 0.12 0.00 0.12 0.16 
0.00 0.00 0.02 0.02 0.13 0.16 0.05 0.00 0.62 
0.00 0.00 0.00 0.01 0.04 0.19 0.00 0.00 0.76 
0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.78 
0.00 0.00 0.00 0.00 0.34 0.66 0.00 0.00 0.00 
Appendix F 
Daytime alpha values 
for rainbow trout 
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Table 18.-Alpha values for rainbow trout captured during 
the day (time periods 1 and 2) at site I during fall, 
1987. Columns are size classes (mm) • 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 >8 
0.00 0.00 0.01 0.00 0.02 0.18 0.35 0.44 
0.00 0.01 0.03 0.07 0.05 0.27 0.00 0.57 
0.27 0.09 0.03 0.11 0.12 0.00 0.00 0.40 
0.00 0.19 0.46 0.35 o.oo 0.00 0.00 0.00 
0.00 0.39 0.14 0.15 0.32 0.00 0.00 0.00 
0.00 o.oo 0.00 0.00 0.00 1.00 0.00 0.00 
0.00 0.01 0.00 0.01 0.05 0.11 0.33 0.49 
0.00 0.00 0.00 0.01 0.02 0.10 0.14 0.73 
0.00 0.00 0.01 0.02 0.06 0.08 0.28 0.55 
0.00 0.01 0.02 0.04 0.12 0.23 0.25 0.33 
0.75 0.06 0.00 0.01 0.07 0.00 0.00 0.11 
0.08 0.02 0.02 0.03 0.00 0.03 0.26 0.56 
0.16 0.03 0.03 0.02 0.04 0.10 0.50 0.12 
0.00 0.01 0.01 0.02 0.03 0.07 0.19 0.67 
0.64 0.08 0.02 0.03 0.08 0.07 0.00 0.08 
0.39 0.07 0.02 0.04 0.07 0.07 0.18 0.16 
0.03 0.02 0.01 0.03 0.05 0.00 0.26 0.60 
0.76 0.04 0.00 0.04 0.04 0.12 o.oo 0.00 
0.00 0.03 0.06 0.08 0.24 0.00 0.00 0.59 
0.19 0.01 0.02 0.01 0.04 0.17 0.29 0.27 
0.08 0.02 0.01 0.01 0.00 0.10 0.49 0.29 
0.00 0.00 0.00 0.00 0.01 0.08 0.43 0.48 
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Table 19.-Alpha values for rainbow trout captured during 
the day (time periods 1 and 2) at site II during fall, 
1987. Column headings are size classes (mm) • 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 > 8 
0.00 0.03 0.08 0.18 0.00 0.71 0.00 0.00 
0.00 0.01 0.10 0.20 0.10 0.20 0.39 0.00 
0.00 0.00 0.05 0.13 0.16 0.23 0.43 0.00 
0.00 0.00 0.03 0.10 0.19 0.59 0.09 o.oo 
0.03 0.02 0.05 0.04 0.00 0.18 0.68 0.00 
0.00 0.00 0.02 0.03 0.16 0.60 0.19 0.00 
0.01 0.01 0.04 0.06 0.17 0.34 0.27 0.10 
0.00 0.00 0.02 0.05 0.15 0.15 0.58 0.05 
0.00 0.01 0.04 0.06 0.32 0.13 0.25 0.19 
0.00 0.01 0.03 0.14 0.15 0 . 38 0.29 0.00 
0.00 0.00 0.02 0.00 0.00 0.00 0.98 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 
0.00 0.00 0.06 0.04 0.09 0.44 0.24 0.13 
0.00 0.01 0.04 0.04 0.06 0.73 0.12 o.oo 
0.00 0.03 0.08 0.05 0.12 0.13 0.50 0.09 
0.00 0.03 0.03 0.06 0.18 0.00 0.70 0.00 
0.00 0.00 0.02 0.02 0.14 0.00 0.00 0.82 
0.00 0.00 0.01 0.00 0.12 0.31 0.41 0.15 
0.00 o.oo 0.01 0.01 0.17 0.06 0.55 0.20 
0.00 0.00 0.02 0.01 0.15 0.51 0.20 0.11 
0.00 o.oo 0.03 0.00 0.15 0.00 0.29 0.53 
0.00 0.00 0.01 0.01 0.04 0.24 0.31 0.39 
0.18 0.03 0.02 0.02 0.11 0.23 0.33 0.08 
0.00 o.oo 0.01 0.01 0.15 0.24 0.12 0.47 
0.42 0.08 0.03 0.02 0.04 0.09 0.00 0 . 32 
0.00 o.oo 0.01 0.04 0.42 0.22 0.00 0.31 
0.00 0.02 0.02 0.03 0.26 0.11 0.42 0.15 
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Table 20.-Alpha values for rainbow trout captured during 
the day (time periods 1 and 2) at site I during winter, 
1988. Column headings are size classes (mm) • 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 > 8 
0.00 0.07 0.20 0.14 0.11 0.08 0.00 0.40 
0.00 0.02 0.01 0.01 0.01 o.oo 0.01 0.94 
0.00 0.29 0.00 0.27 0.12 0.32 0.00 0.00 
0.00 0.00 o.oo o.oo 0.00 0.00 0.00 1.00 
0.00 0.12 0.14 0.05 0.03 0.01 0.02 0.63 
0.00 0.31 0.13 0.19 0.09 0.23 0.05 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.98 
0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.96 
0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.98 
0.00 0.00 0.03 0.01 0.03 0.00 0.00 0.93 
0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.94 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.05 0.02 0.00 0.00 0.00 0 . 93 
o.oo 0.00 o.oo o.oo 0.00 o.oo 0.00 1.00 
0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.98 
0.00 0.03 0.02 0.02 0.01 0.01 0.01 0.90 
0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.96 
0.06 0.01 0.03 0.01 0.00 0.00 0.00 0.89 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0 . 00 0.00 0.00 0.00 0.00 o.oo 0.00 1.00 
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Table 21.-Alpha values for rainbow trout captured during 
the day (time periods 1 and 2) at site II during winter, 


















































































Table 22.-Alpha values for rainbow trout captured during 
the day (time periods 1 and 2) at site I during spring, 
1988. Column headings are size classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 > 8 
0.00 0.00 0.00 0.00 0.00 0.31 0.37 0.32 
0.00 0.00 0.29 0.30 0.41 0.00 0.00 0.00 
0.00 0.00 0.03 0.01 0.04 0.22 0.32 0.38 
0.00 0.13 0.11 0.09 0.09 0.12 0.22 0.24 
0.03 0.16 0.07 0.07 0.25 0.12 0.21 0.09 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.12 0.12 0.02 0.00 0.00 0.58 0.16 
0.00 0.00 0.00 0.03 0.00 0.11 0.38 0.48 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.05 0.03 0.03 0.19 0.45 0.25 
0.00 0.00 o.oo 1.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.04 0.12 0.33 0.00 0.51 
0.00 0.00 0.08 0.08 0.16 0.28 0.17 0.23 
0.00 0.16 0.00 0.00 0.00 0.22 0.27 0.35 
0.00 0.13 0.24 0.10 0.06 0.18 0.00 0.29 
0.00 0.00 0.00 0.01 0.03 0.48 0.28 0.20 
0.00 0.20 0.07 0.04 0.10 0.09 0. 31 0.19 
0.00 0.04 0.17 0.14 0.06 0.16 0.38 0.05 
o.oo 0.04 0.10 0.11 0.18 0.30 0.27 0.00 
0.00 0.00 0.18 0.47 0.03 0.09 0.10 0.13 
o.oo 0.00 0.13 0.21 0.17 0.12 0.00 0.37 
0.00 0.00 0.20 0.46 0.14 0.00 0.00 0.20 
o.oo 0.00 0.07 0.06 0.25 0.09 0.30 0.23 
0.00 0.00 0.04 0.01 0.02 0.26 0.56 0.11 
o.oo 0.00 0.24 0.14 0.25 0.23 0.14 0.00 
0.00 0.00 0.01 0.08 0.09 0.32 0.20 0.30 
0.00 0.00 0.18 0.31 0.12 0.09 0.21 0.09 
0.00 0.00 0.39 0.19 0.11 0.31 0.00 0.00 
0.00 0.00 0.36 0.13 0.00 0.00 0.19 0.32 
0.00 0.00 0.14 0.10 0.07 0.00 0.22 0.47 
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Table 23.-Alpha values for rainbow trout captured during 
the day (time periods 1 and 2) at site II during spring, 
1988. Column headings are size classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 > 8 
0.00 0.00 0.01 0.01 0.15 0.18 0.25 0.40 
0.00 o.oo 0.00 0.05 0.14 0.48 0.18 0.15 
0.00 0.00 0.01 0.05 0.03 0.22 0.44 0.25 
0.00 0.00 0.00 o.oo 0.00 1.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.03 0.03 0.03 0.45 0.05 0.41 
0.00 0.00 0.01 0.02 0.09 0.28 0.32 0.28 
0.00 0.00 0.00 0.00 o.oo 0.00 0.00 1.00 
0.00 0.00 0.00 0.00 0.15 0.41 0.39 0.05 
0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
0.60 0.09 0.00 0.03 0.14 0.05 0.00 0.09 
0.00 0.00 0.08 0.00 0.12 0.00 0.67 0.13 
0.00 0.00 0.00 0.00 0.05 0.00 0.85 0.10 
0.00 0.00 0.00 0.01 0.09 0.30 0.31 0.29 
0.00 0.00 0.00 0.09 0.53 0.00 0.00 0.38 
0.00 0.00 0.00 0.01 0.04 0.21 0.30 0.44 
0.00 0.00 0.00 0.02 0.11 0.29 0. 21 0.37 
0.00 0.00 0.01 0.08 0.08 0.00 0.24 0.59 
0.00 0.00 0.00 0.02 0.03 0.10 0.48 0.37 
0.00 0.00 0.01 0.02 0.09 0.20 0.21 0.47 
0.00 0.01 0.05 0.10 0.22 0.09 0.32 0.21 
0.00 0.01 0.00 0.01 0.06 0.19 0.51 0.22 
0.00 0.00 0.00 0.00 o.oo 0.09 0.11 0.80 
0.00 0.00 0.00 0.05 0.77 0.18 0.00 0.00 
0.00 0.00 0.00 0.09 0.10 0.40 0.00 0.41 
0.00 0.00 0.00 0.01 0.10 0.20 0.27 0.42 
0.00 0.00 0.02 0.03 0.72 0.08 0.12 0.03 
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Table 24.-Alpha values for rainbow trout captured during 
the day (time periods 1 and 2) at site I during summer, 
1988. Column headings are size classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 > 8 
0.00 0.05 0.06 0.10 0.20 0.00 0.11 0.48 
0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.97 
0.00 0.00 0.02 0.04 0.18 0.65 0.11 0.00 
0.00 0.01 0.02 0.00 0.09 0.15 0.00 0.73 
0.00 0.01 0.02 0.03 0.10 0.65 0.11 0.08 
0.00 0.10 0.09 0.15 0.38 0.09 0.00 0.19 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.80 
0.00 0.00 0.00 0.10 0.04 0.12 0.49 0.25 
0.00 0.16 0.13 0.20 0.51 0.00 0.00 0.00 
0.00 0.01 0.05 0.07 0.16 0.09 0.11 0.51 
0.00 0.07 0.05 0.06 0.36 0.23 0.00 0.23 
0.00 0.02 0.03 0.09 0.06 0.10 0.00 0.70 
0.00 0.00 0.77 0.23 0.00 0.00 0.00 0.00 
0.00 0.08 0.47 0.31 0.14 0.00 0.00 0.00 
0.00 0.01 0.03 0.03 0.09 0.24 0.31 0.29 
0.00 0.02 0.15 0.08 0.07 0.23 o.oo 0.45 
0.00 0.20 0.10 0.10 0.00 0.00 0.00 0.60 
0.00 o.oo 0.20 0.18 0.20 0.21 0.00 0.21 
0.00 0.00 0.08 0.06 0.09 0.30 0.13 0.34 
0.00 0.00 0.00 0.04 0.07 0.12 0.65 0.12 
0.00 0.04 0.03 0.04 0.16 0.56 0.12 0.05 
0.00 0.00 0.00 0.05 0.13 0.41 0.00 0.41 
0.00 0.01 0.02 0.01 o.oo 0.53 0.17 0.26 
0.00 0.01 0.00 0.00 o.oo 0.09 0.56 0.34 
0.00 0.01 0.01 0.06 0.11 0.37 0.00 0.44 
0.00 0.01 0.05 0.03 0.13 0.36 0.17 0.25 
0.00 0.00 0.27 0.18 0.07 0.24 0.00 0.24 
0.00 0.03 0.05 0.04 0.08 0.21 0.59 0.00 
0.00 0.00 0.00 0.00 0.01 0.13 0.27 0.59 
0.00 0.06 0.08 0.01 0.00 0.00 0.43 0.42 
0.00 0.00 0.01 0.01 0.00 0.09 0.18 0.71 
0.00 0.00 0.01 0.01 0.01 0.23 0.22 0.52 
0.00 0.02 0.08 0.03 0.03 0.00 0.65 0.19 
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Table 25.-Alpha values for rainbow trout captured during 
the day (time periods 1 and 2) at site II during summer, 
1988. Column headings are size classes (mm). 
<2.1 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 > 8 
0.00 0.00 0.00 0.00 0.00 0.02 o.oo 0.98 
0.00 0.00 0.04 0.03 0.43 0.14 0.08 0.28 
0.00 0.00 0.00 o.oo 0.00 0.03 0.00 0.97 
o.oo 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.01 0.00 0.02 o.oo 0.20 0.15 0.62 
0.00 0.01 0.00 0.02 0.15 0.00 0.00 0.82 
0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.96 
0.00 0.00 0.00 0.01 0.04 0.03 0.03 0.89 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.07 0.02 0.02 0.02 0.87 
0.00 0.00 0.00 0.01 0.01 0.03 0.02 0.93 
0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.99 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
0.00 0.00 0.00 0.01 0.03 0.00 0.00 0.96 
0.00 0.00 o.oo 0.02 0.02 0.00 0.00 0.96 
0.00 0.00 0.00 0.04 0.02 0.00 0.00 0.93 
0.00 0.00 o.oo 0.02 o.oo 0.00 0.00 0.98 
0.00 0.00 0.00 0.00 0.01 0.15 0.06 0.78 
0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.99 
0.00 0.00 0.00 0.00 o.oo 0.00 0.00 1.00 
0.00 0.01 0.02 0 . 03 0.07 0.12 0.12 0.63 
0.00 0.02 0.01 0.01 0.00 0.10 0.06 0.80 
0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.94 
0.00 0.00 0.00 o.oo 0.00 0.10 0.10 0.80 
Appendix G 
Standard volume (ml) of 
invertebrates in rainbow trout 
stomachs by site and season 
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Table 26.-Standard volume (ml) of invertebrates in 
rainbow trout stomachs during the day at sites I and II 
during all seasons. 
Fall Winter S:gring Summer 
I II I II I II I II 
0.3 0.0 0.0 0.0 o.o 0.2 0.0 0.0 
0.3 o.o 0.2 0.4 0.2 0.2 0.0 0.8 
1.0 o.o 0.4 2.0 0.3 0.3 0.4 0.9 
1. 6 0.2 0.4 4.0 0.3 0.3 0.4 2.5 
1. 7 0.3 0.4 4.1 0.5 0.7 0.5 3.3 
2.2 0.5 0.4 4.3 0.5 0.9 1.0 3.4 
2.3 2.6 0.6 7.1 0.6 1.1 1.1 3.6 
2.4 3.1 0.8 7.5 0.8 1.3 1. 5 3.8 
2.6 3.6 1.1 8.6 1.0 1. 5 1. 5 4.2 
2.8 4.4 1.5 9.2 1.3 2.2 1. 6 4.6 
3.0 4.5 1. 6 13.0 1.4 2.2 2.2 4.6 
3.0 5.4 1. 7 1.4 2.5 2.7 4.9 
3.2 5.7 2.2 2.0 2.7 2.7 5.2 
3.2 5.8 2.3 2.3 2.8 2.8 5.3 
3.4 6.4 4.2 2.5 4.2 2.9 7.8 
3.5 6.8 4.8 3.0 6.5 3.4 9.9 
3.7 7.3 5.6 3.2 6.6 3.5 18.0 
3.7 7.4 6.1 3.3 7.1 3.6 21.0 
4.5 7.8 9.9 3.4 7.4 3.7 41. 2 
5.0 8.0 12.0 4.0 10.0 3.9 53.1 
5.7 8.1 19.1 4.1 12.3 4.2 56.3 
6.0 8.4 5.6 12.5 4.7 56.6 
7.5 9.6 6.3 15.3 5.8 60.5 
8.0 11.8 6.5 15.9 6.3 71.0 
9.5 12.4 6.8 17.5 7.0 75.9 
13.1 7.6 32.0 7.3 76.0 
14.0 8.2 43.1 7.6 
14.5 9.1 8.6 
16.3 9.6 9.0 








Table 27.-Standard volume (ml) of invertebrates in 
rainbow trout stomachs during the night at sites I and II 
during all seasons. 
Fall Winter Sgring Summer 
I II I II I II I II 
o.o 0.0 0.3 o.o o.o o.o 0.2 0.0 
0.0 0.0 0.3 0.0 0.0 0.0 0.3 0.4 
0.0 0.0 0.3 0.3 0.0 0.0 0.5 0.5 
0.0 0.3 0.3 0.3 0.0 0.2 0.7 0.7 
0.0 0.3 0.5 0.3 0.3 0.3 1.0 0.9 
o.o 0.5 0.8 0.4 0.3 0.5 1.4 1.5 
0.0 0.7 1.0 0.4 0.3 0.6 1. 5 2.1 
0.2 0.7 ·1.1 0.5 0.3 0.8 1. 6 2.3 
0.2 1.0 1.4 0.6 0.4 1.3 1.8 2.3 
0.3 1.0 1. 4 0.7 0.5 1.5 1.9 2.4 
0.3 1. 3 1.7 0.8 0.6 2.3 2.1 2.5 
0.3 1.3 1.9 1.0 1.5 2.7 2.3 2.7 
0.3 1.4 1. 9 1.0 2.0 2.8 2.7 3.5 
0.3 1.4 2.0 1.0 2.2 3.8 3.2 3.6 
0.3 1.5 2.1 1.1 2.8 5.2 3.7 4.1 
0.3 1.8 2.1 1.2 3.6 7.2 3.7 4.6 
0.4 1.9 2.1 1.8 4.1 7.9 3.8 4.7 
0.8 2.0 2.2 1.9 5.3 8.4 4.2 4.8 
1.0 2.4 2.2 2.4 6.0 10.5 4.3 5.7 
1.1 2.6 2.9 2.5 7.8 12.8 4.6 6.0 
1.4 2.8 3.1 2.6 9.7 14.0 4.7 7.3 
1. 4 3.0 4.0 2.9 11. 5 15.3 5.0 7.3 
1.8 3.0 4.2 3.0 13.2 15.7 5.2 7.5 
1.9 3.7 4.4 3.2 13.4 22.2 5.3 10.1 
2.2 4.1 4.5 3.4 14.6 26.0 6.1 10.6 
2.3 4.7 4.6 3.5 15.6 26.5 6.5 12.1 
2.5 5.1 5.2 3.6 17.3 30.2 7.0 12.4 
2.9 5.2 5.3 4.8 18.0 35.0 7.6 13.7 
2.9 5.3 5.6 6.3 20.7 43.4 8.6 14.4 
3.1 7.3 5.8 6.8 27.9 9.0 14.6 
4.7 8.0 8.8 8.9 32.6 9.2 14.6 
5.1 12.6 8.9 9.5 9.7 17.3 
6.3 13.5 8.9 17.0 10.3 18.7 






Rainbow trout condition 
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76 
77 
Table 28.-Condition (Kn) of rainbow trout collected at 
sites I and II during all four seasons. 
Fall Winter S:gring Summer 
I II I II I II I II 
0.73 0.74 0.77 0.76 0.82 0.85 0.70 0.75 
0.74 0.84 0.78 0.77 0.82 0.89 0.82 0.90 
0.76 0.85 0.81 0.78 0.86 0.90 0.84 0.91 
0.81 0.90 0.81 0.79 0.87 0.90 0.85 0.94 
0.82 0.90 0.82 0.79 0.87 0.92 0.85 0.94 
0.83 0.91 0.82 0.82 0.87 0.92 0.86 0.96 
0.85 0.92 0.82 0.88 0.88 0.92 0.86 0.97 
0.86 0.94 0.82 0.88 0.88 0.92 0.87 0.98 
0.86 0.96 0.82 0.88 0.89 0.93 0.88 1.04 
0.88 0.96 0.82 0.90 0.89 0.93 0.88 1.04 
0.89 0.96 0.83 0.91 0.90 0.93 0.89 1.05 
0.90 0.96 0.83 0.91 0.91 0.93 0.89 1.06 
0.91 0.97 0.83 0.92 0.92 0.93 0.89 1.06 
0.91 0.97 0.83 0.92 0.92 0.95 0.90 1.07 
0.91 0.97 0.83 0.92 0.93 0.96 0.90 1.07 
0.91 0.97 0.84 0.93 0.94 0.96 0.91 1.08 
0.92 0.98 0.85 0.94 0.94 0.96 0.92 1.09 
0.92 0.98 0.85 0.94 0.94 0.97 0.92 1.09 
0.92 0.98 0.85 0.94 0.95 0.97 0.92 1.09 
0.92 0.98 0.86 0.95 0.96 0.97 0.92 1.10 
0.93 1.00 0.86 0.95 0.97 0.99 0.93 1.10 
0.94 1.01 0.86 0.96 0.97 1.00 0.94 1.11 
0.95 1.02 0.87 0.96 0.97 1.00 0.94 1.11 
0.95 1.02 0.87 0.97 0.98 1.00 0.94 1.11 
0.95 1.02 0.87 0.97 0.98 1.00 0.94 1.12 
0.96 1.02 0.88 0.98 0.98 1.00 0.94 1.13 
0.97 1.03 0.89 0.99 0.98 1.01 0.95 1.13 
0.97 1.03 0.89 0.99 0.99 1.01 0.95 1.14 
0.97 1.04 0.89 0.99 0.99 1.02 0.95 1.14 
0.98 1.04 0.90 0.99 1.00 1.03 0.95 1.15 
0.99 1.04 0.90 1.00 1.00 1.03 0.95 1.15 
0.99 1.04 0.90 1.01 1.01 1.03 0.95 1.15 
0.99 1.04 0.90 1.01 1.01 1.04 0.96 1.15 
0.99 1.04 0.91 1.02 1.01 1.04 0.96 1.15 
0.99 1.04 0.91 1.02 1.01 1.05 0.96 1.16 
1.00 1.05 0.92 1.05 1.01 1.06 0.96 1.16 
1.00 1.05 0.93 1.05 1.02 1.06 0.96 1.16 
1.01 1.05 0.93 1.05 1.02 1.07 0.97 1.16 
1.01 1.05 0.93 1.05 1.03 1.07 0.97 1.16 
1.01 1.05 0.95 1.09 1.04 1.08 0.97 1.17 
1.02 1.05 0.95 1.10 1.04 1.10 0.98 1.17 
1.02 1.06 0.96 1. ,13 1.05 1.10 0.98 1.17 
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Table 28.-Continued. 
Fall Winter s12ring Summer 
I II I II I II I II 
1.03 1.07 0.97 1.13 1.05 1.10 0.99 1.18 
1.04 1.07 0.97 1.18 1.05 1.11 0.99 1.18 
1.05 1.07 0.98 1.40 1.06 1.11 0.99 1.19 
1.05 1.07 0.98 1.06 1.11 0.99 1.20 
1.09 1.07 0.99 1.06 1.12 1.00 1. 21 
1.12 1.08 1.00 1.07 1.12 1.00 1. 22 
1.12 1.08 1.01 1.07 1.12 1.02 1.22 
1.12 1.08 1.03 1.07 1.13 1.04 1.23 
1.13 1.09 1.04 1.09 1.13 1.04 1.23 
1.14 1.09 1.05 1.10 1.14 1.04 1. 25 
1.15 1.09 1.11 1.10 1.16 1.05 1.25 
1.17 1.09 1.20 1.12 1.16 1.05 1. 26 
1.19 1.10 1.21 1.13 1.16 1.05 1.26 
1.22 1.10 1.16 1.05 1. 26 
1. 23 1.12 1.17 1.07 1. 27 
1.27 1.12 1.21 1.07 1. 30 
1.12 1.24 1.08 1. 35 
1.13 1.27 1.08 1. 36 
1.15 1.32 1.09 1. 37 
1.18 1.09 1. 38 
1.19 1.11 1.38 
1.11 1. 39 
1.12 
1.14 
1.15 
1.15 
1.15 
1.18 
1.20 
1.21 
1.26 
